. Purpose: Physical activity (PA) promotion among youth is a public health priority, and there is a need for robust surveillance systems to help support such initiatives. Existing youth PA self-report instruments that are used for surveillance lack information regarding the types and contexts of activity. Further, these instruments have limited validity with accelerometry. The purpose of the present study was to develop a self-report instrument, with sound psychometric properties, for monitoring compliance with PA guidelines in youth. Methods: In focus groups, 162 middle school students identified 30 forms of PA that are highly prevalent in that age-group. We incorporated these activities into three preliminary forms of a self-report instrument. An independent sample of middle school students (n = 537) was randomly assigned to complete one of the three preliminary versions of the instrument. Rasch analysis was applied to the responses to the three formats, and a yes/no plus frequency format emerged as the preferred method. A third sample of 342 middle school students then completed the yes/no plus frequency instrument twice after a 7-d period during which they wore an accelerometer. Using both Rasch analysis and traditional correlational methods, validity and reliability of a 14-item instrument were established. Data were collected during 2012-2015. Results: Spearman correlation coefficient for the association between the cumulative score for the 14 items and minutes per day of accelerometry-derived moderate-to-vigorous physical activity was 0.33 (95% confidence interval = 0.22-0.43, P G 0.001). The sensitivity and specificity values of the 14-item instrument were 0.90 and 0.44, respectively. Conclusions: The study produced a PA self-report instrument for youth that was found to be reliable (r = 0.91), valid versus accelerometry (r = 0.33), and with acceptable specificity and sensitivity in detecting compliance with PA guidelines.
P
hysical activity provides important health benefits for children and adolescents, and public health authorities in the United States and around the world have called for young people to engage in moderate-to-vigorous physical activity (MVPA) for at least 60 minId j1 (1, 2) . However, most children and youth in developed countries do not meet that guideline (3) . Accordingly, many public health organizations consider promoting physical activity in children and youth as a high priority (4) . In public health, surveillance refers to the continuous, systematic collection, analysis, and interpretation of data (5) . Robust surveillance systems support public health initiatives by providing information needed to effectively target intervention efforts and by producing data that enable monitoring progress toward goals (5) . In the United States, some surveillance systems include measures of physical activity in children and adolescents, including the National Health and Nutrition Examination Survey (NHANES) and the Youth Risk Behavior Survey (YRBS). However, each of these measures has significant limitations.
Recent cycles of NHANES have included both accelerometry as an objective measure of physical activity and an intervieweradministered physical activity survey (6) . Although the NHANES protocol provides a great deal of information, it is limited by high staff and respondent burden. The school-based YRBS includes a self-report of physical activity in high school students (grades 9-12, ages 13-18 yr), but its items have limited validity compared with accelerometry and provide limited information regarding participation in specific forms of physical activity (7) .
An ideal surveillance system for monitoring physical activity in youth would provide both a valid estimate of the respondents_ physical activity level and information regarding the specific types of physical activity in which they have engaged. The former would provide the basis for determining the prevalence of compliance with a physical activity guideline. The latter would be useful in designing public health initiatives to increase physical activity. Given the limitations of youth physical activity measures in existing surveillance systems, the purpose of this study was to apply state-of-the-art psychometric methods to develop a youth physical activity self-report instrument that could be used in public health surveillance systems.
METHODS AND RESULTS

Study Design
The Evaluation of Activity Surveys in Youth (EASY) study took place between 2012 and 2015 and used a mixed methods qualitative/quantitative sequential research design to develop a physical activity self-report instrument for youth. The study was conducted as five separate substudies using three data collection protocols in three independent samples of middle school students. Each substudy used a cross-sectional study design. All study protocols were approved by the University of South Carolina Institutional Review Board, and parent consent and child assent were obtained before data collection. The study was conducted in a sequential manner such that the findings from each substudy informed the methods of the subsequent substudies. Accordingly, in the following section, we present both methods and results for each substudy. All analyses were performed in SAS (version 9.4). The flow of the substudies and samples is shown in the supplemental figure (see Figure, Supplemental Digital Content 1, Summary of study protocol, http://links.lww.com/MSS/B201). Substudy 1. The purpose of the first substudy was to identify specific forms of physical activity that middle school students (grades 6-8, ages 11-13 yr) most frequently perform. Focus groups were conducted with 162 students in grades 6 to 8. Students were recruited through physical education classes at two middle schools in a single school district in Columbia, SC. Enrollments at both schools (n = 884 and 1017) were demographically diverse (% Black, 50.3 and 38.2; % White, 35.8 and 50.1; % Hispanic, 7.0 and 5.4). The percentage of children eligible for free or reduced price lunch was 50.2 and 39.0. Twenty-four focus group meetings were conducted, with four separate groups for each grade and gender. On average, seven students participated in each focus group.
Before conducting these sessions, the investigators developed a list of 22 forms of physical activity, based on existing youth physical activity surveys. This list was used in selecting specific discussion prompts, and the same list was used with both boys and girls. Discussions were led by an experienced focus group leader, and a second research staff member served as the recorder. Participants were asked to mention the physical activities they performed at any time during the year. The leader prompted the groups by enquiring about school and non-school sport participation; classes or lessons; activities done at home, at a friend's house, at church, or at a gym or community center; before-and after-school activities; and games or other free-play activities.
After completion of the focus groups, the frequency with which specific forms of physical activity had been reported was tabulated and cross-referenced with the investigatorgenerated list of 22 activities. Many of the physical activities mentioned were specific activities such as soccer or basketball. Others were broader and categorical, such as doing household chores. Because our goal was to select a limited number of activities for inclusion in the draft instrument, we opted to include specific forms of physical activity only if we felt that the activity was not likely to be reported by respondents in a broader categorical item. For example, we did not include soccer as an item because we felt that students would include it in their responses to categorical items such as ''play on an organized school sports team'' or ''play on an organized, non-school sports team.'' We did include activities such as ''do weight training'' and ''walk your dog'' because they were frequently mentioned in the focus groups and they did not clearly fit into a categorical item. The initial list of 22 items was modified and expanded to produce a final list of 30 forms of physical activity. These activities are listed in Table 1 .
Substudy 2. The purpose of the second substudy was to apply Item Response Theory (IRT) to identify an appropriate survey item response format for use in an instrument designed to assess physical activity levels of youth. Participants were 537 students in grades 6 to 8 recruited from six middle schools in one school district, two middle schools in a second school district, and an evening program at a local church. Enrollments in the seven schools were demographically diverse. Across the seven schools, mean enrollment was 636 (range, 531-901), and the race/ethnicity profiles were as follows (mean, range): % Black (33.2, 9.1-53.4), % White (58.5, 33.2-87.8), and % Hispanic (5.4, 1.2-13.2). The mean percentage of students eligible for free or reduced price lunch was 55.9 (range, 29.7-76.8).
Participants were randomly assigned to complete one of three versions of a survey instrument that included the list of 30 physical activities. The versions differed in the level of detail reported for each form of physical activity. With version 1, participants (n = 185; 52.4% girls) reported whether they had performed each of the activities in the previous 7 d, using only a yes/no response format. Version 2 asked participants (n = 182; 55.5% girls) to report yes/no for each activity and, for the ''yes'' items, to report the number of days (1-7) on which they performed the activity. Version 3 (n = 170; 57.1% girls) asked respondents to report yes/no for each activity, the frequency of participation, and a rating of the intensity at which the activity was performed. T SD
In the past week (7 d Participants were oriented to the intensity rating scale using figures and written descriptions. For each reported physical activity, one of the following intensities was selected: light, moderate, hard, or very hard (8) . The mean time T SD to complete each version of the instrument was 4.0 T 1.6, 5.1 T 2.0, and 6.5 T 2.5 min, for versions 1, 2, and 3, respectively. For each of the three versions of the instrument, data were analyzed using two different Rasch model approaches. A ''traditional'' Rasch method was used with version 1 (dichotomous data) (9), and the Rasch Rating Scale Method (10) was used with versions 2 and 3 (ordinal data). Person-and item-separation scale characteristics and reliability measures were examined, and point-biserial correlations with the total scale were evaluated to ensure that all items exhibited a positive relationship across the latent construct. Infit mean square and outfit mean square were used to assess the fit between items and the Rasch model. In addition, item-construct maps (11) were used to determine each item's endorsability relative to the construct of physical activity.
The complete findings of the IRT analyses have been published elsewhere (12) . Briefly, all versions of the instrument were found to be acceptable. Person separation ranged from 1.40 to 2.25, and person reliability ranged from 0.66 to 0.84 for each of the different versions. Item separation ranged from 4.77 to 7.10, and item reliability ranged from 0.96 to 0.98. The IRT analyses indicated that version 2 (yes/no plus frequency) was most appropriate for use in middle school students based on the similarity of item fit and item spread along the latent dimension. Version 1 (yes/no only) was generally acceptable but would not allow for frequency of participation to be assessed. Version 3 (yes/no plus frequency and intensity) was not selected because adding intensity did not improve measure scores, item fit, or item spread (12) .
Substudy 3. The third substudy was designed to identify the specific survey items that would comprise the physical activity self-report instrument. Participants were 342 middle school students recruited from physical education classes in two schools. Participating schools were the same as those for substudy 1, and the demographic profile of those schools is provided above. Data were collected in the school setting during two sessions. During the first data collection session, height and weight were measured, and participants were fitted with an accelerometer (ActiGraph GT1M and GT3X models; Pensacola, FL). During the second data collection session, accelerometers were collected and participants completed the 30-item self-report instrument. The instrument was administered twice to assess test-retest reliability. The two administrations were separated by 15-20 min. Characteristics of the sample are summarized in Table 2 .
Participants were instructed to wear the accelerometer on an elastic belt over the right hip for seven consecutive days, except while engaging in water activities (swimming, bathing, showering, etc.). The accelerometers were set to record data in 30-s epochs, and periods of 60 min of consecutive zeroes were defined as non-wear time and excluded from the analyses. To be included in the analyses, participants must have worn the accelerometer for at least 8 h on at least 3 d. Age-specific cut points for the age-group represented (11-to 14-yr-olds) were used to classify MVPA (11-yr-olds, Q1030 counts per minute; 12-yr-olds, Q1110 counts per minute; 13-yr-olds, Q1197 counts per minute; 14-yr-olds, Q1290 counts per minute).
Accelerometer wear time met the specified standard (8 h, 3 d or more) for 264 students, and characteristics of this analysis sample are summarized in Table 2 . Accelerometerderived MVPA (minId j1 ; mean T SD) was calculated. Biserial correlations were calculated between yes/no responses for each item and accelerometer-derived MVPA minutes per day, and Spearman correlations were calculated to determine the association between the number of days reported for each item and accelerometer mean MVPA minutes per day (see Table 1 ). To determine the test-retest reliability of each item, kappa statistics were calculated for the percent of students indicating yes for each reported activity for administrations 1 and 2, and interclass correlation coefficients were calculated for the reported number of days of each activity between administrations one and two. As presented in Table 1 , statistically significant associations between item responses and MVPA as assessed by accelerometry were observed for 15 of the 30 items. For 12 of those items, significant associations were observed for both the yes/no and the frequency of participation (0-7) responses. Strongest associations were observed for the following six items: play actively during recess or other free time at school; play on an organized, non-school sports team; play nonorganized sports; do weight training; ride your bike or other wheeled toys for fun or exercise; and play actively in your neighborhood. All 30 items were found to be reliable based on the findings of the test-retest protocol. As presented in Table 1 , kappa statistics varied from 0.73 to 0.94, and intraclass correlation coefficients varied from 0.79 to 0.96.
Three steps were taken in selecting items for inclusion in the final instrument. First, the six items that correlated most highly with MVPA were selected for inclusion in the instrument. Those items are listed above. Second, five items were included in the instrument because it was deemed important, from a surveillance perspective, that children's participation in those activities be monitored. Those included were as follows: have PE/gym classes, play on an organized school sports team, walk or bike to or from school, participate in physical activity in an after-school program, and participate in physically active classes or lessons. Finally, the IRT person-item map (Fig. 1 ) was reviewed to ensure that the instrument included items that were appropriately distributed across the breadth of the latent domain, including items at low and high intensity. To meet this criterion, the following three items were included: walk for fun or exercise, run/jog for fun or exercise, and play actively at home. This produced a 14-item instrument which is shown in Figure 2 .
Substudy 4. To assess reliability and concurrent validity of the 14-item instrument from substudy 3, cumulative scores for those 14 items were calculated for the first and second administrations of the preliminary 30-item instrument. This substudy used test administration data from the sample of youth included in substudy 3. Mean T SD scores for the first and second responses to the 14 items were 28.0 T 15.2 and 25.6 T 13.7, respectively. Response to the set 14 items was highly reliable. An intraclass correlation coefficient of 0.93 was observed, and the Spearman correlation coefficient was 0.91 (P G 0.001). The Spearman correlation coefficient for the association between the cumulative score for the 14 items (first administration) and minutes per day of MVPA derived from accelerometry was 0.33 (95% CI = 0.22-0.43, P G 0.001).
Substudy 5. Finally, substudy 5 was conducted to determine the sensitivity and specificity with which the new self-report instrument detected objectively measured compliance with the current federal physical activity guideline for children and youth, 60 or more minutes of MVPA per day (1,4) . Using the same sample of participants and data from substudies 3 and 4, the percentage of participants who accumulated Q60 min of MVPA per day was calculated. In this sample, 23.1% of boys and 5.4% of girls accumulated 60 or more minutes of MVPA per day (1). Receiver operator characteristic curves were used to determine the optimal instrument score for detecting Q60 min of accelerometer-derived MVPA per day. Sensitivity, specificity, and area under the curve were calculated, and the Youden Index (13) was used to identify the instrument score that best discriminated between meeting and not meeting the guideline. The optimal score to identify children who accumulated Q60 min of MVPA per day was 22 (sensitivity = 0.90, specificity = 0.44, area under the curve = 0.68).
DISCUSSION
The product of this study is a physical activity self-report instrument that is suitable for public health surveillance of physical activity behavior in youth. The instrument consists of 14 items, each of which indicates recent frequency of participation in a form of physical activity that is common in U.S. youth. The individual items were selected using Rasch analysis, a procedure for application of IRT, and students_ responses to the items were found to be highly reliable. The composite of responses to the 14 items was also found to be highly reliable. When the composite score was compared with objectively measured physical activity, the score manifested acceptable concurrent validity. Further, a composite score was identified that showed acceptable sensitivity and specificity in differentiating between youth who met or did not meet a current physical activity guideline, as determined by objective measurement.
Surveillance of physical activity behavior in children and youth has been implemented in the United States on a limited and uneven basis. The most consistently applied method is the Youth Risk Behavior Surveillance System (YRBSS), which is administered in alternate years to state-based samples of high school students (14). Since its inception in 1991, this survey protocol has included varying numbers of physical activity items. In recent years, only a single item has been included, and that item queries frequency of participation (expressed as days of the previous seven) on which the respondent engaged in 60 or more minutes of physical activity that ''Iincreased your heart rate and made you breathe hard some of the time.'' Although earlier iterations of YRBSS physical activity items have been shown to be acceptably reliable and valid when compared with objectively measured physical activity (7,15), we have not found published documentation of the psychometric properties of the specific item that has most recently been included in the survey. Other limitations of this YRBSS item include its systematic use only with high school students and its failure to provide information about participation in any specific forms of physical activity. By contrast, the instrument developed in the present study has high reliability and acceptable concurrent validity and provides information about participation in 14 types of physical activity that are common in U.S. youth.
The importance of physical activity surveillance in youth has been recognized internationally; however, surveillance methodologies and instrumentation have varied considerably across countries. In an effort to standardize surveillance practices to allow for international comparisons, the World Health Organization and the Centers for Disease Control and Prevention launched the Global School-based Student Health Survey (16) . Overall physical activity participation of youth (ages [13] [14] [15] [16] [17] is assessed through one item, identical with that of the YRBSS. In addition, many countries conduct physical activity surveillance through their own comprehensive health behavior surveys with physical activity subsections (17) (18) (19) . For example, the physical activity subsection of the Canadian Health Measures Survey (17) collects detailed information on the frequency, duration, and settings in which physical activity and active transportation take place. The Health Survey for England (19) queries youth on the type, frequency, and duration of formal and informal physical activities in which they participated over the past week. This method offers a detailed account of specific activities in which youth participate; however, the result is an extensive survey that often overestimates the time youth spend in physical activity (20) , and there is little to no psychometric data to support the utility of the physical activity items.
In the present study, middle school youth identified specific types of physical activities, and 14 of them, after application of rigorous item selection procedures, were included in the final instrument. In addition to emerging from the Rasch analysis, these items were deemed to be meaningful sources of physical activity in U.S. youth. Thus, the EASY instrument offers a method to assess both youth_s compliance with physical activity guidelines and prevalence of participation in forms of physical activities that are widely accessible to youth. This information can inform public health interventions. For instance, approximately 30% of youth in the present study reported walking or biking to or from school during the previous week, and the mean frequency was about 1.4 dIwk j1 . This information points to the need to increase this specific form of physical activity and provides guidance in focusing participation in public health initiatives aimed at increasing active transport to school. Further, this information provides a basis for evaluating the effectiveness of such initiatives.
This study has both important strengths and significant limitations. It is a strength that state-of-the-art methods were used to identify the items that comprise an instrument that is designed for surveillance of physical activity behavior in youth. Further, validity of the instrument was determined by comparing its self-reported information with objectively measured physical activity. Also, it is a strength that sensitivity and specificity of the instrument were assessed and receiver operator characteristic curves were examined in identifying an instrument score that differentiated between youth who met and did not meet a physical activity guideline as objectively determined. The product is an instrument that detects prevalence both of compliance with a physical activity standard and of participation in 14 forms of physical activity that are common among U.S. youth. However, it is a limitation that the instrument was developed only with youth of middle school age. Participating youth were residents of one metropolitan area in the Southeastern United States, and therefore it is not certain that the instrument_s psychometric properties would be the same if a more diverse sample of youth was assessed. Further, youth in other regions of the United States or other countries may prioritize and report forms of physical activity differently compared with this current sample of U.S. youth. However, the instrument includes many forms of physical activity common to youth, regardless of region or nationality, including walking for fun or exercise, playing actively in the neighborhood, and playing on organized nonschool sports teams.
CONCLUSION
In summary, this study produced an instrument that is suitable for inclusion in surveillance systems that seek to assess, by self-report, health behaviors of middle school-age youth. The instrument is concise, reliable, and valid when compared with objectively assessed physical activity. Importantly, the instrument provides information on both overall physical activity level as well as participation in selected, specific forms of physical activity. Future studies should use the methods used here in developing physical activity selfreport instruments for children and youth that are younger and older than those included in the present study. Further, it would be desirable to replicate this study with a participant group that is known to be nationally representative of children and youth in the United States.
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